Abstract. The penetration of disturbance electric fields from the polar region to the magnetic equator on the dayside of the Earth is examined with geomagnetic data on May 27, 1993. First, we examine a dayside equatorial disturbance that followed the rapid recovery of magnetic activity from a storm and that has the characteristics of overshielding caused by persistent region-2 field-aligned currents. 
itudes to within a few minutes. Kikuchi et al. [1996] determined that the time delay of DP 2 and related disturbances between magnetic latitudes of 66 ø and the equator on the dayside is very short, at the most some tens of seconds. This is consistent with the induction timescale for the electric field to penetrate to the equator, of the order of seconds [Vasyliunas, 1972] .
However, some theoretical models predict the possibility of significant temporal differences between disturbances at high latitudes and at middle and low latitudes. The manner in which the electric fields and currents penetrate from the polar cap through the auroral region into midlatitudes is affected by the redistribution of magnetospheric hot plasma that is the source of region-2 field-aligned currents into and out of the ionosphere [e.g., Vasyliunas, 1972 
Magnetometer Data
We use 1-min digital magnetometer data recorded at high, middle, and equatorial latitudes on May 27, 1993, during the International Equatorial Electrojet Year. Table ] gives the coordinates of the magnetometers, and Figure 1 shows their locations in magnetic coordinates.
Quasi-Dipole (QD) coordinates [Richmond, 1995] (Figure 3a) , but they are positively correlated with those up to 70 ø latitude in the Scandinavian zone (Figure 3[) EBR, but it increased appreciably to reach 37.5 nT at NIE, approaching nearly the amplitude at BFE. Similar equatorial enhancements of D P 2 have been pointed out by Nishida et al. [1966] , Nishida [1968 Nishida [ , 1971 , and Kikuchi et al. [1996] , and these enhancements confirm that the main source of the low-latitude magnetic variations is due to currents in the ionosphere rather than the distant magnetosphere.
Synoptic Characteristics of the Dayside High-Latitude Electrodynamics
To synthesize the high-latitude data, we use them as inputs to the Assimilative Mapping of Ionospheric Electrodynamics (AMIE) procedure [Richmond and Kamide, 1988] . This allows us to estixnate the patterns of equiva- As the high-latitude potential fluctuated during this 4-hour period, the direction of the morning-afternoon potential difference for the fluctuating component (i.e., with the 2-hour running mean removed) was in the same sense as that at the equator, as we infer by making the reasonable assumption that a positive H perturbation at the equator is created by an eastward ionospheric electric field that drives an eastward electrojet current. This indicates that the fluctuations in the morningafternoon potential difference extended all the way from the polar region to the magnetic equator.
Discussion and Conclusions
By analyzing dayside magnetic variations at high and low latitudes during different types of magnetic disturbances on May 27, 1993, we have been able to clarify certain aspects of the penetration of electric fields and currents from the polar region to the magnetic equator. Following the rapid decline of auroral magnetic activity at the end of a magnetic storm, a strong westward perturbation of the equatorial electrojet appeared in the morning sector, which had characteristics that can be associated with overshielding. It lasted -• 3 hours.
Dayside magnetic fluctuations with periods of 25-75 min are found to be highly coherent at all latitudes between the magnetic equator and the auroral zone, with no detectable phase differences. For equatorial fluctuations that were northward, the auroral zone magnetic fluctuations tended to be southward before noon, eastward around noon, and northward after noon. The amplitudes decreased away from the auroral zone toward midlatitudes but were amplified under the equatorial electrojet. Although we might have expected some phase differences to occur, associated with shielding/overshielding effects due to the persistence of region-2 currents, any such differences that might exist were less than -• I min for the present event. Our application of the AMIE procedure to the dense regional array of magnetic data over the midday northern polar region, together with more widely spread data over the remainder of the polar region, has shown that the fluctuations of the high-latitude east-west potential gradient between 1000 and 1400 UT tended to be concentrated around midday. The direction of the high-latitude fluctuating morning-afternoon potential difference was the same as that for the fluctuating morning-afternoon potential difference at the equator that can be inferred from the fluctuations in the equatorial electrojet.
These observations of overshielding and of the penetration of fluctuating high-latitude electric fields to the equator have motivated us to use a numerical simulation model of magnetosphere-ionosphere coupling to investigate these effects further. The results of the simulation study are presented by Peymirat et al. [this issue].
